film results were further improved by bonding graphite fluoride to a surface using polyimide (3) . Graphite fluoride has also been used as an additive in greases, mechanical carbons, and carbon-fiber-reinforced polytetrafluoroethylene (PTFE) (4) . Graphite fluoride has also been combined with silicate or epoxy-phenolic binders with good results (5) .
The discovery of graphite fluoride can be attributed to Ruff and Bretschneider, who found in 1934 that graphite and fluorine would combine in a combustionless reaction at about 420° C to form a grey colored solid (6) . Since 1934, other experimenters have worked with the compound and have found that, by varying the reaction temperature, pressure, and time, different fluorine to carbon ratios could be obtained (7) (8) (9) (10) (11) (12) (13) (14) . As the fluorine content of the compound increased, the properties of the compound were changed. For example, with increasing fluorine content, the color of the compound becomes lighter and the electrical conductivity decreases.
In reference 1 it was shown that, in the range of (CFO 7)n to (Cl'1.12)n, changing the fluorine to carbon ratio did not appreciably affect the friction and wear life characteristics of burnished graphite fluoride films tested in a dry argon atmosphere. The purpose of .he present investigation was to expand this previous study by extending the fluorine to carbon ratio to 0.25 and by studying the effect of atmosphere and burnishing technique. Graphite was included in the study for comparison. This y { work is useful not only for lubrication b-,t also from an economic viewpoint in that more highly fluorinated graphite fluoride is more expensive.
FRICTION APPARATUS
A hemisphere-on-flat type of sliding friction apparatus ( fig. 1) was used to evaluate the graphite fluoride burnished films. Basically, the device consisted of a flat, 6.3-centimeter-diameter disk in sliding contact with a stationary, 0.476-centimeter-radius, hemispherically tipped rider. A 1-kilogram load was applied to the rider as the disk rotated at 1000 rpm. The rider slid on a 5-centimeter-diameter track on the disk, which gave it a linear sliding speed of 2.6 meters per second.
Induction heating was used to heat the disk. The temperature was monitored by an infrared pyrometer focused on the wear track of the disk.
A strain gage sensed the frictional force, which was continuously recorded on a strip-chart recorder.
BURNISHING APPARATUS
The apparatus used for burnishing the 440-C stainless steel disks is shown in figure 2 . The disk was attached to the vertical shaft of a small electric motor by use of a cup-shaped holder. Setscrews on the rim of the holder ke p t the disk from slipping as the holder was rotated. Two vertical rods were used to restrain a floating metal plate to which was attached the solid lubricant applicator. In these experiments the back of polishing cloths were used as thc, ap plicators. The load was applied by placing weights on top of the meta'-n", %t .. tray positioned under the disk holder was used to catch the solid lubricant spillover.
The burnishing apparatus was designed to fit under the bell jar of a vacuum system. The atmosphere in which burnishing took place could thus be controlled. This was done simply by pulling a vacuum in the bell jar and then backfilling with the desired atmosphere.
PROCEDURE Surface Preparation and Cleaning Procedure
The hardness range of the 440-C stainless-steel specimens used in this investigation was Rockwell C 58 to 60. The disk surfaces were roughened by sandblasting to an rms of 0.9 to 1.3 micrometers (35x10 6 to 50x10 6 in.).
The cleaning procedure after sandblasting the disks was -
(1) Scrub surface under running water with a brush to remove abrasive particles.
(2) Clean surface with pure ethyl alcohol. The riders were also cleaned by this procedure; but, since the riders were not sandblasted, step (1) was not necessary.
Disks Burnished by Hand
Hand burnishing was done in room air with no control of relative humidity. The humidity range was about 25 to 60 pernent relative humidity.
The back of a polishing cloth was used as the applicator. It was made of an open weave fabric ( twilled) and served as a good applicator. The following steps were used to burnish the cleaned roughened 440-C stainless steel disks:
(1) Apply graphite fluoride powder to the surface and distribute it evenly using the cloth.
(2) Apply pressure and rub until the surface has a gloss.
Note: it may be necessary tc^ npply more graphite fluoride powder and repeat steps ( 1) and ( 2) in order to got a gloss.
Disks Burnished on Apparatus
The procedure using the burnishing apparatus is as follows:
(1) Apply the graphite fluoride powder to the cleaned, roughened disk surface and spread it evenly over the surface with the cloth.
(2) Apply about 1 / 2 gram of ( CFX) n to the contact zone of the applicator and distribute it evenly using another cloth. 
Experimental Technique
The procedure for conducting the friction and wear tests was as follows:
a rider and a burnished disk (lubricant was not applied to the riders)
were inserted into the friction apparatus ( fig. 1 ). The test chamber war, sealed and purged with either dry argon (10 ppm H 20), dry air (20 ppm H20), or moist air (10 000 ppm H 20) for 15 minutes before starting the test.
The flow rate was 1500 cubic centimeters per minute. This flow rate maintained a slight positive pressure in a chamber whose volume was 2000 cubic centimeters.
After the purge was completed, the desired temperature was obtained by induction heating. The disk was then set into rotation at 1000 rpm and a 1-kilogram load was applied.
The criterion for failure in these tests was a friction coefficient of 0.3. An automatic cutoff switch shut down the apparatus when the friction coefficient reached 0.3.
The wear scar diameter on the hemispherically tipped rider was measured after each test and wear volume calculated. Rider wear volume per meter of sliding was then determined.
RESULTS

Wear Life of Hand-Burnished Films
The first series of tests on the effect of fluorine was conducted 
Effect of Temperature
To determine the effect of fluorine to carbon ratio on the lubricating properties of graphite fluoride at high temperatures, a series of experiments were conducted at 300' C. Figures 8 and 9 give the results of those tests. The minimum value for the friction coefficient did not seem to be affected noticeably by fluorine content or by the increased temperature.
The friction coefficient for the various graphite fluoride films was about 0.04 ( fig. 8(b) ). For (CF 0.6)n and (CI? 0.9)n however, there is much more of a difference.
The surfaces of these two dry air burnished disks have a streaky appearance, lacking the "flowing" nature of tLe moist air burnished films, and are not as dense or as thick. The presence of water vapor in air apparently improves the film forming properties of (CFx)n
The formation of thicker, more dense solid lubricant films in a moist air burnishing atmosphere is not unique to graphite fluoride;
Johnston and Moore (15) made the same observation with MoS 2 films. Using X-ray fluorescence techniques, they found that, by increasing the relative humidity from 6 to 85 percent, the film density of burnished MoS 2 films could be increased by a factor of 7 to 8.
SUMMARY OF RESULTS
The effect of fluorine to carbon ratio on the friction, wear and wear life properties of burnished graphite fluoride (CF x) n films was studied using various experimental and burnishing conditions. The results indicate that:
1. The wear life of burnished graphite fluoride films is influenced by (a) the burnishing technique, (b) the atmosphere in which the film was burnished, (c) the atmosphere in which the test was conducted, and (d) the temperature at which the test was conducted.
2. I:: air (moist or dry), wear life of burnished graphite fluoride films increased with increasing ratio of fluorine to carbon. In dry argon, wear life increased up to a value of (CF 0.6)n, then leveled off.
3. Minimum friction coefficient and rider wear rate were not strongly influenced by the degree of fluorination.
4. longer wear lives were obtained for films tested in moist .tir than in dry air or dry argon; however minimum friction coefficients and rider wear rates were higher.
S. In a dry air test atmosphere, similar lubrication trends were found at 25' C and at 300' C; however wear life was 4 to 8 times shorter at rt300' C and rider wear rate was about 10 times greater.
6. In general, better lubrication results were obtained when graphite k fluoride films were applied by machine-burnishing than by han& burnishing. 
